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goManc® throagboot the progress of this tlsesl.®* 

ffeenka «p« also iae t® the feohnlcal Staff of Qienle®! 
liiglBeeirle^ topartaeRt m& to* B*S* fanSey for typiag the 
the® is* 
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EtiQct o£ BJi ia®rt Isigh lulling ia a sjX-iw 

eataV/tlc react loa was staSlsS* react loa stuiiad vm t);@ 
TOpor pbas® li^ir©g®ttatloo of feesseiie over Ilolcel eataljst oa 
tpecial ©upport aae tlie tiaert llisui4 plsas® preseat In the f«©i 
was 3-Satasol* leaetloa wee otwilea at S4*t 94* t '*04* ead li4*C 
for but«fH»l feed rates of «02 sad *2 al/aiii* fhe iioald 
beaaeae flow rat® was 0*1 al/ala* asd iijdrogea rate was78^ Bl/mln* 
Ilie pmioot of zeiotloa was hf tK asl'r^ a lO ft* long 

s&rhmm'K 10^ eoliin* It was observed that tbe reaetion rate 
dropped with tloe* Cbenisorptloa of ImtaBoi aad ooadeasatioa of 
botesoi la tbe 'port were gives as probable omses. 
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nm is th« fluid «'5llc1 s-cf-«'’ilT''3 

is f®oi eonilst® of %oth th® fasoDua srj 11'^?.’ 12 

frf'Clw®# Stori!f resoti'ja® and tyleW® b®a mimtntB n:m 

of t>@ fluii-iolli reaotiona In wteieh on® of t!’® 
r«fiotini^ pliaae® In tbvqt sni fi® otiior rosetlnn pt'aa© is 

Isaotiona In whieB tli® llonU pBa«® dots not tat® 
p&Tt into %h9 if@a®tion and mmmlm m mi inert mr® mwwn 
in p®tsooi’8nlatrf • liar® tli® gasioiis f®ad to a Batai^^aneoiia 
raeotor oonslats of hifli Intrta whloB oondana® orar 

tli® oatalyat t®d* for aacaspl® in tB® lijdrogiiiiatSsn of oatal^tio 
oraoleiiif oliaiga atooica (!)» aoat oatalytlo eraolcifig oBarg® 
stoeka Bar® r®l®tlT®lj Iw ▼olatilltloa and thaa art ml^ 
partlttlli' raporiiM asiar noraal hf&mgmmtim oonditiosa* 

Vnder mioti ooBdltionat mmm trmiff ar rata® aajr Ba eontrollliig 
for mm raaotlona* flia affaet of tt;la oondanaata orar 
%h9 aetiiritf of'tht oataljrat is tlia proBlaa ondar atndj* £t 
was propoaad to fled out ^om la tka omtal.fat aotiritf «tffaotad 
witfc tin# praaane® of hlgli Isollli^ Isart in tB# faad. I^ao 
%h® aotiritj r®i»iii osaltarad @r drop down or ta tBa eatalyet : 
poiaonai and spoilt? 

%a Tsfor kf inhaust Ion of basiona in a 

fisai Bad ostsl^Ttlo rasotor wm 9fmmm aa idia raaotion 
for stnif* a*Stitai)ol was selaetad as tBa liiili Boiling inart 
ootifjowst in tBa fsad# 
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^finsfoir mtm ««? ^9 mntT&llim %tm 

idtiM9 «e$ l9iMi offteteS %y dliffviaioiS' linittttoas 
m to fiMt •iiffacNi mmtl&mrn 

•ffoets luw A iff too It to iiiolo^ la aiatA 
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soils catal^*®S, r®«cti«B sttiSlas* pwbli ■■5:eS 

wrk on fe« Mfiro^saation eoaTsrslon r®?ort e^nlsineS 
Slf.fwalon and inirfac® fsaetlon offset®* ?li« factors wl'iict', 
Isoreiiae tarlsBlosc® mi r«Sae® tl^s gaentlty of ll^iali 
pwasent la fee r® ■actor sill Increase overall eocTeraiois “bj 
r®iuciii|T ilffasloaal resistaocs. 
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ill rorc® filled 11m* W will ^ lueffeetlre for 
cetel^siof^ thB >jjaror«ii«tloii ro^tioia. latsrnsl mm 
»!irfscea mM b® ®xf»#ct«d to b« wiaoh mm 'in 

ira?o»-pfeaa® inomvov* fbn® In catal^tl® 

romtlm nracta®®®, reaction wlocltj li»r««®e 1« to b» 
@3cp®ct©« hf iecres®lR|^ entolfat particle ®lw» «nd bjr 
optretlsr In «fib a way m to r«te©® possibility of 
liO«ia collection «t ths ostalyst serf 'icc ani In tb« 
catalyst pos®8» 


# # # 



cFMfm tn 


Ykim FiiAss mmmmmmB o? 


fli® cilio®®s *taij I# t>i® vapor pfr.»o® 

!\7Jlr3>f«n®tloii of ^©REei®, l«ii®Bnt iisioii?®®® l^flTOpenatioB 
omyT a vsrlttj of eataljrstSf aiii thi® rowiteis proTld*® a 
very eouvoritist aothoS to t««t thw ©atalytle actlvitj* 'TIi® 
hydrof ©nation proeoeis cloanlj to eyclol^oaiaii* anloas «l®T®tei 
t®’?ip®ratur®ffl (abov® 350*©) ar® »«ploy«<l wfeta ®M® roaetlon® 
lik® orackij^ wi r®itrraiipew«nt Into m variety of pro^aeta 
hm&m important* a® atolehloa^try of b«ns®n® l!jfijfoi?«ii«tio!i 
la flvon a® folloaat 



eataljrat 
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EsBses® Ci) 


ia )< 


H H 


25*i 


All w 


9*^ 
teal 
g Ml® 


Cgol0fe®3taa®Ci) 


At rooa t®mi>®ra‘^z®a Imnmm m$ b® raiaood over 
flatinast fallMlm e.n& aisilar oataljst®* lo g®n«reli 

te*p®ratiir«a ai® jpeiialrea for *»i«®tloa of tei»a«ii« 
wltli !ifir«^«!i 0 T«r meh satorlal aa Hotel f Copper an® Cobalt* 
fb® aeeiianlaa for '^® lifirogtnattoii of tenMna* 
part ion Isrlj on 'Ft Wij| bas l»®®n %h9 »ab3«et of eonoiierabl® 
filaooaaloa* In g«ii«ralf tli® teootlon la mm ori®r vltb 
r®8p«ot to tesaaa® ®«a flrot ®ri®r with r®8|>®®t to liy<lwg®s 
» It fete in ga* or Hoaii piia®®« C4)i altteogli oteortlona 
bsf® l>®®» r®p@rfc«4* ter iii8t®.M« li®»lJO Cf) foont that 
lietel oataljrat® at atteapterto proaimr® In a flow aystoa 
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tee reaeUtoB 1» sera i?®«peet to Heuwoe «mi first 

oi^sr f;ite respect to feyirogen opt® »ooo4 We wMle at 
liliT>er te-aperatoree tee rewee is true. »-io e^a^?® ^ 
ora©r « 3 r.f®tts that tl» feeo»«n« «ol®eui« t» 

mxotmly aiserfeea teen ‘^Arofea at low teaperatereat tut 
the relatl-inship is rewereei «t higher oiiee. 
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Th@ staetoi* nas il«slris®d for 51^ con^rersi-^Ts of 
iQmmm to cfclo!i«xi*i** MceuU Iiobmii* imi »t« waa fi»S 
at 0»1 «1 /ci1b* and t^a liydregaii flow rat© t.as kfsnt pt. ?-3 "il/alJD* 
?l“:@ Mta wsa twlcf© atoloi-slo’S^trls r.S 

for eoa^eraloa of taaaaaa* Th* SU'i'il swi,* ul/i;'': 
acsljaod for IIc1e« 1 and was foaad to eciatala 4*5^ of Kletol* 
fha »t« aqaatlon for a !lio3^1 oatalf Jt of this oo'iiMssttloii 
has liew raportad a» C?)# 


IP m 


I'Ofi 




whara r « »ta of eoafroraloa of to e^clohaiafi® 

iaf in@d for mit mmm of Mio oatalfBt« 

it partial praaaiira of baimiBa Ir faaiy 
• partial frasaora of feydragaa in f«@i. ^ 

m 

7 lio aaaa of aataljrat iiaoiaS waa oaleatatti %f 
aaing t!i« follMfing dailga aoiiatloo CS)t 

X 

W ^ f As 

n 

aliart 1 la t!?a aaas of 'tiba oat®ljst» f la tlia f»«d rita« 

X i» tfc® ©oBforaioii laii la tfea rata d#f Inad ®a »r, 3 ar of 
■pmAmt proiaead par tt«lt aaaa ®f ©atal^at par anit tl 8 ». 


< 0 !a iotagratiao i» tlm a'boxa daalfa aqaatloa ««a 
parfomid fraphieallj aad Hia aasa of aatalirot aatiai wiai 
to fe® aoaal to ?•? gi^* 


flia raaotor was daa%fiad for lOC^ aarass xolotis* 
It «aa T?tadt of 0»i Isab Ijislda dlamtar atainlosa irlael 
tuba* fi?® datatlsi naalfiMiaal daalipB of ^la raaotor in 



pivcn in fi^VLT® 4,2* 
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Oat{ftlirgt t Tha estalfat arrallaMa wn In •»i® f®r*i of ntctol 
oxia®, “SiO. fl!8 ojtia® was dl»|»©8lt®d on sf^oelel ^mus w-pt'ort 
ana «es In ahap® of oyllnirioal pallats of l/9® s l/S" 
aiuenaions* It us® naeeaaary to witjca th© eataljot before 
it eowia be ti3®t for the ^i^ars^enetion* The reduction waa 
©•rriei out In a t»ll of the tfpe Bl^own te Fig* 4*3* The 
bulb was electrically beatei fro« outsia® end tl® catalyst 
pellets were rtSucei by paaelng hydrogen* fhe reduction was 
ewrieS out at 35 €n 4OO*0 by supply 60? to th® 

h®«t®r for 3*5 hr®* Ilydrogen was paseed at 00 al/«la* 

legeswratioB before each sun was don® by extewially r 
heating th® seiwtor eleotrioally at ® temperature of about 
2C30*C for 4 hours* 

Anal.yals of the Froduct t Product fro® lh*® refietor oontatnei 
bensene* oyolobcaEftne and n^Wtsnol* The analysis was done by 
Tapir phaae ohrowitograidiy uslr® a 10 ft, long, 10^ cwThowa*,. 
eoliwn* fh# ©TSB tea|»Hiture was Mtntalned at 80*C, 

Detector and Injector twperatores were l»pt at 110*0 and 
140*0, rearect tee ly, Saeple injected was 1^1* Tfydrogea 
at 40 cc/wJii* was uiprd as a cwprier gas* Onder the abore 
operatir# «w>oiitloB®t the retention tipfs for cyelohesnisti 
benmne and n-butanol were 2© wicends, 3f seconds and ? slnute® 
13 wconds resfectlwely* flui coluas gisrfe eery good separatloii 
and for benzene lemd eyclohezwne but was relatlTely less; 

sensltlwft towinris n^^tsMl* 
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Varor ras wasai to mmljm 

t!'© p»iiiet coalap oiit of t!i« woctor, A typiool c^-Toaato» 
fTTO.’^. of l2eDWn««ofclo!io»fia-*'bi3ta*iol alsslaire obtained Stirii^ 
aRelf»i» ii st’OWH ifs Jimte 5*1. Ptaelniotor w»s wwi t© 
flrja out t!j® «3e®® onflar tl:e Cura®, a® nswilts >2iwe h®m 
te1julot®a AppoBilx A Mhm/lnp: th9 pemmmg® of henmm 
commvtmi to c^oloJiexitn® at fiiffttont tlae Intarrals mi. 
at four teaporatiii?®*# A® th« ©etlTlty of tJi# catalyst %efdic@ 
the stiwft of «®oli mn wm never the saia#, th9 converelone at 
aiffeient tieie laterval® mm aivMofl hy a hypothetleal 
ooiivereio® ohtslnea hy ©xtrapolatlni the oowrerslon-tlfae 
oiirve to m tiaiit t * 0« ttle ratio hm heea aei»t^ % lf@|‘ • 

fipuree 5*2 - 5*1 gim the ||||» ver«® tlm plot 
for tempera tur® 8* 84*Ct 94*C* 104*C mi 114*C* Saeh plot , ^ 
oontalcs five mrtm correeroBtlj^ to th® follwlng ooo^ltloaei 
r • CD f-lmlt ran i.e.jrh®!! there I® no feataiiol 
prceent in the feed* 

(ID Butanol feei rate of .02 »1 /»Ib. 

CiiD 'Bittanol f®^?i rat® of 0,2 «l/«lB, 

Civ) Hat® of fllllfir of pore® hy eoist^airy hntasol 
fit hatfinol feei rate of *02 ®l/«iii* 

Cv) late of f Ulli^ of porta by ©oii4«i®ini hotenol 
fit Iwttnol f«e4 rate of 0,2 al/«il«. 
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t rate *2 mi /min. 
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Sets of eoaicnoatlon of Isutaool wm® abtsineS fej 
dllviiioc^ t?3e ▼oliif’i© ©f 'butanol retained in t^.© bed by tbe 
total pore voIuse®. 

mrw%® in i^’l^rure® 5*2 • 5,5 si'.ow 0 <2eorem» 
in raaetlois rat© tlw# ^The rmeml nntur® of t'-e e'asv6M 
i® the saiMi at all tb© four te*^r«eftt»ro8* 

An aisalyals-of the nroduet strea® n 'QW b t?-ot tbe 
butanol conteinad In the product 1® Mnmr tf.m tt’o butanol 
to f«®d* Tfc® ©fwunt of butanol rotalneS in tbe bei has beer 
oslculatM with 1 ^ 1 ® h®lp of material balance* 5fc® frectioa 
of pore* filled at trarloua tiw interrala ha# been calcalstad 
with th® aawapttoB that all th® butanol ■ retained In th® b®€ 
condanata in 1^ ports* fable® In Appeodix B git® th® friction 
of |H»rtsfilled wl'tii tiat* fhi® has bean plotted on the ^ 
reaction rate wreus tiae plot (f^ur®# 5*2 - 5*5)* : 

At 84*C (fig* 5*2)' th® blank run ©Vows a coaalderobl® 
drop in conversion with tine* thl* is pirfcaps beoaafe of 
the ©oadensatian of b«ii»iie tn very fi«t pores* The drop ' 

in reaction rat® at buteaol rate of 0*2 al/nln* Is very 
rapid and Is very elo«® to the rat® curve ©orrtsfand Ipf, to : 
th® filling of eapilleries* This probably indicates W® 
hutaeol ©ondeiieation in the pores* flie aw® itienoaenoa 1® 
repeated at the butanol feed rat® of *02 al/«iis* bat her® 
the reGotlon ret© curve fall* below the rate of eeplllas^ 
f illlRf curve* this indicates that there te loaeother factor 
causinr th® drop in rewtlon rate Maides the probable butanol 
c find ©neat Ion* 
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Cli®*!5i«rption of Imtimoi e®n 1i® tb® Qth&r feotos- 
rtffl.'Ofiolbl® for 4rop in reiuetlon rate®. 1!lse cl-enlaoritloo 
of ^tenol shall result lo reOuetioii of nostbtr of crnilabl© 
active sites which Is tum itfiell result Is re^JctlsR sf 
reaction rate* ‘TMs hjrpotliesla I® miprorted hy fee ff-iet , 

alcohols reaSllf ctealsorli o® lick® I surface# 

*Xlie nature of seactlon »te eiirvci at ot’ficr 
temperatures* for tutanol feeii rate of *02 al/ain* ecn 
aifflilerly be explftii»i 1® &# light of butanol condtsiatloss 
caablne^ wUdi cheslsorptlon of butanol* 

Mn at leapt was aade to suu'psrt tb® posslbilit^f of 
butanol 'condeaa&tioii by 1^*e ue® of Kelvin equation (Apponii* C) 
wltliout »icb »u 0 C®ss* le suits Inileated coaplete fill lug 

of the ponss only at 84*C and *2 al/«lB* butanol rata* for. 
tbs sane Imtanol rate* at 94*6* tbs ealeulatlon Indlctted 
partial filling of tfes pores Cpors upto a railut of 17*3 4 filledi* 
At liifilior tof^ralnjr®® tbs ealau let Ions indicated prwtleally. 
no filling of pores* 4t tbs butanol feed rats of *02 ml/mln* 
th® lelvln equation calcsslstloas prsdlotsd fracticelly no 
f illli« of pores at any of tfcs tsopersturas# 

However* as ws do not know the pore sli® distribution 
for th® catalyst sasple used, ths results obtained fro® lelvin 
equation fall to give us msf inforaatlon about the peroenta?# 
of pore® filled# Secondly # the Kelvin ettuetlon used Is baaed 
on the anmsptlon of oyllndrloal poses# 

iBSplt® of t!» above ieflolescles the results gl-w 
us an insight in the eoaplerlty of the situation* 
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®laoal ml® out tl5« posoibilitj of ©ooieisaatloo 
of tetanol la th® ports, 

fh% foxogolng dlseiisalon Inilest®© tlist tihe drop 
la fbe reset ion rate Is probably because of til»i pheno»iciios 
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rnnmm (1) flaw rntmo^l sl/nte, 
fl0w rat® »?a al/aia. 
of ©stalest i«* 
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CHAFfll YI 


C0T-fCI.TfgIOIS laSOl'TIIlMfmTS 

fbe ^oisblntd of ©hosloorptlon of IfeotaRol 

ana eofia«n«atloii of tmtenol In th® eataljst i^rta bar® 
tMita found to b« ret^nstbl® for tb® door®®®® In reaction 
rate with tlM* At m butanol feed rat® of *02 al/mln. 

i . 

tb® probability of butanol coadonaatlon la very leas# l«at 
at butanol rat® of 0*2 al/ain* tli® butanol eond@iiaatlon 
la perbaps tb® factor 3?®aponalbl® for the drup In reaction 
rate* 

further mrk In tlila ilr®®tion e«i be ion® by 
chooalng mm other inert ooaponent and studying a larger 
rai^e of t«i^i«ture* It would be intereatlng to atu^ 
a react ion in wblob tb® nusber of soles Inoreaaed after 
react ion# In this study of bensene hydrogenation four 
solas of reactants gar® one sole of pm&mtm 
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